Background: Clinical manifestations of cutaneous leishmaniasis (CL) caused by Leishmania (Viannia) range from asymptomatic infection to self-limited, or chronic (non-healing) cutaneous lesions. Given the critical role of the immune response in the clinical outcome of CL, it is plausible that functional polymorphisms in immune-related genes contribute to define the clinical manifestations of human infection. Methods: DNA samples from a retrospective cohort of individuals from an endemic area of L. V. panamensis transmission in Colombia were used to determine the frequency of SNPs in TNFα, IL-10 and TLR4 genes. DNA samples were obtained from 74 adult participants: 38 patients presenting chronic cutaneous leishmaniasis (CCL) and 36 individuals with asymptomatic infection. Genotyping of TNFα-308G/A, IL-10-819C/T, and TLR4 Asp299Gly and Thr399Ile SNPs, was conducted by PCR-restriction fragment length polymorphisms. Allele, genotype frequencies and associations between SNPs and clinical groups were evaluated. Results: The A allele in TNFα-308G/A SNP was found more frequently in individuals with asymptomatic infection (16% vs 7%), whereas the CC genotype in IL-10-819 C/T SNP was more frequent in patients with CCL (34% vs. 27% in asymptomatic individuals). No differences in allele frequencies for TLR4 SNPs were found among groups. Conclusion: This study provides a reference base for statistical power calculation and design of association studies of genetic polymorphisms in immune response related-genes and the pathogenesis of infections caused by L. V. panamensis.
Background
Cutaneous leishmaniasis (CL) caused by Leishmania of the Viannia subgenus is characterized by a wide spectrum of clinical manifestations. Infection can result in selflimited lesions that resolve without treatment, or chronic (non-healing) lesions lasting several years and often not responding to conventional chemotherapy [1, 2] . In addition, asymptomatic infection occurs in a variable but often high proportion of residents of endemic areas for CL [2, 3] .
Polarization of Th1/Th2 responses has been shown to determine resistance and susceptibility in murine models of Leishmania major infection [4, 5] . However, the factors and mechanisms that drive the different outcomes of human infections are not fully understood. Although the immunological profile associated with disease susceptibility or resistance to L. Viannia infection remains unknown, correlations between pro-and anti-inflammatory cytokine production and clinical manifestations have been observed. High TNFα production has been shown to contribute to parasite control in early stages of L. V. braziliensis infection, and exacerbation in later stages [1, 6, 7] . Higher levels of TNFα and IL-10 secretion are detected after in vitro recall responses of mononuclear cells from individuals with chronic and recurrent L. V. panamensis infection, compared to asymptomatic individuals (Navas, A. et.al, unpublished observations). Likewise, high levels of IL-10 have been detected in individuals with active and chronic CL caused by L.V. braziliensis [8] [9] [10] , while low secretion has been described during asymptomatic infection or spontaneous healing [11] .
Toll-like receptors (TLR)-ligand interactions initiate signal transduction cascades that subsequently result in transcription of inflammatory mediators and cytokines such IL-10 and TNFα [12] . TLR4 has been involved in the control of Leishmania growth in experimental murine leishmaniasis [13] [14] [15] [16] . We have previously reported the involvement of TLR4 in TNFα production in human macrophages in response to L.V. panamensis infection, and its participation in the early control of infection [17] . Given the critical role of immune mediators in the pathogenesis and clinical outcome of CL caused by L. Viannia, it is plausible that functional polymorphisms in immune-related genes contribute to define the outcome of human infection.
Susceptibility to mucosal disease caused by L.V. braziliensis has been associated with a single nucleotide polymorphism (SNP) in the promoter region of the TNFα gene (-308G/A), mediating higher levels of cytokine production [18, 19] . Similarly, high levels of IL-10 have been associated with cutaneous lesion development during L.V. braziliensis infection, and have been linked to the presence of the -819C/T SNP in the IL-10 promoter [10] . The polymorphisms 896A/G and 1196C/T (commonly named Asp299Gly and Thr399Ile, respectively) in the coding region of the TLR4 gene affect the extracellular domain of the receptor impairing the ligand-binding or protein interactions [20] . These variants have been described as a risk factor for septic shock, infection with Gram-negative bacteria and development of severe malaria [20] [21] [22] . Genotyping of Asp299Gly and Thr399Ile SNPs in CL caused by L. major showed a higher frequency (40.9%) in patients with chronic disease compared to individuals with asymptomatic infection (13.3%) suggesting the involvement of TLR4 in susceptibility and severity of CL [23] .
The aim of this pilot study was to determine the frequency of SNPs in TNFα, IL-10 and TLR4 genes in individuals with clinical and immunological evidence of Leishmania infection in endemic areas of L. V. panamensis transmission in Colombia, and to explore its relationship with the clinical outcome of infection.
Methods

Study design, subjects and sampling
From a database of stored human biological samples with a total of 560 records, collected from years 2007 to 2010, a retrospective pilot case-control study was designed to explore the frequencies of SNPs in immune related genes and the clinical outcome of L. Viannia infection, and included CCL patients (cases) and individuals with asymptomatic infection (controls). Inclusion criteria for individuals with asymptomatic infection were defined as a positive in vitro lympho-proliferation assay in response to Leishmania antigen [24] and no evidence or history of dermal lesions suggestive of CL. Patients with CCL were included if they presented cutaneous lesions with ≥ 4 months of disease evolution, parasitological confirmation of infection by microscopic examination of lesion smears or biopsy specimens and/or parasite isolation, and/or positive Montenegro skin test reaction (MSR) or lympho-proliferation assay, who had not received anti-leishmanial treatment before enrollment. All subjects were of Afro-Colombian ethnicity.
This study used DNA samples obtained from buccal swabs (BuccalAmp, Epicentre) from patients with CCL (n = 38) and from individuals with asymptomatic infection (n = 36), all residents of endemic areas of L.V. panamensis transmission in rural areas of Tumaco, Colombia. DNA samples were obtained from the CIDEIM Biobank. Demographics of study participants are shown in Table 1 .
DNA genotyping
One hundred nanograms of genomic DNA were used for PCR amplification. Genotyping of TNFα-308G/A (Reference SNP-rs1800629), IL-10-819C/T (rs1800871), and TLR4, Asp299Gly (A/G) (rs4986790) and Thr399Ile (C/T) (rs4986791) was conducted by PCR-restriction fragment length polymorphisms (RFLP) as described previously [10, 23, 25, 26] . Primer sequences, restriction endonucleases and fragment sizes are presented in Table 2 . Digestion of PCR products was analyzed by electrophoresis on a 3% agarose gel stained with ethidium bromide. Quality control of restriction enzymes was conducted using PCR amplification products of the β-globin gene from DNA isolated from THP-1 or U937 cells.
Statistical analysis
Allele and genotype frequencies were calculated for both study groups (CCL patients and asymptomatic individuals) by direct counting. Fisher's exact test or Chi-square test was used to determine Hardy-Weinberg equilibrium (HWE) and the differences between allele and genotype frequencies, depending on the calculated expected frequencies. Odds ratios and 95% confidence intervals were calculated using logistic regression models to assess the magnitude of association between SNPs and clinical groups. Analyses were done using the STATA SE 12.1 software, except for differences in minor allele frequencies (MAF), which were calculated using the prop.test function on R 3.1.1 software (URL http://www.R-project.org/). p values < 0.05 were considered statistically significant.
Results
DNA samples from a total of 74 participants were analyzed. Amplification products for TNFα genotyping were obtained from 83.7% of samples (62 of 74), for IL-10 from 72.9% (54 of 74), and for TLR4 Asp299Gly and Thr399Ile from 89.1% of samples (66 of 74). Samples from which PCR amplification products were not obtained were excluded from further analysis, and thus, the denominator for calculation of genotype and allele frequencies for each SNP was variable. The distribution of the genotypic variants for TNFα-308G/A and TLR4 Asp299Gly SNPs met the HWE (Fisher's exact test, p values: 0.650 and 1 respectively), whereas IL-10-819C/T did not, (X 2 test, p < 0.05). Determination HWE for the TLR4 Thr399Ile SNP was not possible due to the absence of the T allele within the study population. Distribution of allele and genotype frequencies is summarized in Table 3 .
The frequencies of the G allele in the −308 position of the promoter region of the TNFα gene was similar between the study groups, while the A allele was found more frequently in individuals with asymptomatic infection (16% vs. 7%) ( Table 3 ). This was concordant with a higher frequency of the heterozygous genotype found in asymptomatic individuals (25%) compared to patients with chronic CL (15%). Genotyping of the IL-10-819 C/T SNP showed that the CC genotype was more frequent in patients with CCL (34% vs. 27% in asymptomatics), while higher frequency of the heterozygous genotype was found in asymptomatic individuals (32% vs. 16%). Despite this, no significant differences in allele, genotype frequencies or MAF values in TNFα-308G/A or IL-10-819C/T SNPs were found between the study groups ( Table 3) .
Analysis of TLR4 Asp299Gly SNP showed identical frequencies between groups for the AA and AG genotypes (85 and 15%, respectively). The GG genotype was not found in any of the study participants. All individuals presented the homozygous CC genotype at position 1196 (Thr399Ileu) of the TLR4 gene. Since the 1196 CT and TT genotypes were not found in any participant, comparison between groups, MAF and co-segregation analysis with TLR4 Asp299Gly SNP could not be performed.
The presence of more than one SNP per individual was observed in 6 asymptomatic individuals and in 7 CCL patients. No relationship between the presence of multiple SNPs in one individual and the clinical outcome of infection could be established.
Discussion
Polymorphisms in promoter and coding regions of cytokine genes have shown associations with the clinical outcome and immunological responses during Leishmania infections [10, 27] . The TNFα-308A allele has been associated with increased gene expression and thereby protein production, exacerbated inflammatory responses and tissue damage [28] . An association between the TNFα-308G/A polymorphism and risk of development of mucosal disease has been shown during L. V. braziliensis infections in Venezuelan CL patients [1, 6, 19] . In contrast, no relationship could be established between this SNP and asymptomatic, selfhealing or CCL caused by L. major in an Iranian population [27] . The divergence in the frequency of the TNFα-308A allele between studies could reflect distinct mechanisms of pathogenicity and host responses resulting from infections with different Leishmania species [19, 27] . The observed frequencies of the A allele in CCL patients (7%) and asymptomatic individuals (16%) are comparable to those reported for the same clinical groups (7.8 and 11.4%, respectively) in a larger Leishmania infected population in Iran (N = 150) [27] . Despite the differences in allele frequency, no association with the clinical outcome of CL could be determined.
Functional studies have demonstrated that the -819C/T SNP in the IL-10 promoter plays a role in up-regulation of IL-10 and modification of NF-κB binding. The CC genotype has been associated with higher levels of IL-10 production [10] . Presence of the C allele has been related to increased risk of lesion development (OR = 2.5 (1.12-5.7), p < 0.003) in L.V. braziliensis infection [10] . High levels of IL-10 production have been described in active and chronic 
CL [8] [9] [10] , while low cytokine levels have been related to self-healing and asymptomatic infection caused by L.V. braziliensis [11] and L.V. panamensis (Navas, A., unpublished observations). Although our results did not establish significant differences in the frequency of IL-10-819C/T SNP between the study groups, a higher frequency of the -819CC genotype in CCL patients was observed, potentially suggesting a contribution to pathogenicity. Genetic variants in TLR genes correlate with disease severity of multiple infectious diseases [29] . For TLR4, two frequently co-segregating polymorphisms (Asp299Gly and Thr399Ile) have been shown to increase the risk of sepsis [30] , Gram-negative infections [31] and severe malaria [22] . The two polymorphic sites have been predicted to affect ligand and co-receptor binding regions, respectively [20] . Higher frequency of the Asp299Gly polymorphism has been reported in patients with CCL caused by L. major compared to patients with acute disease, associating this SNP to increased risk of disease severity [23] . In contrast, no relationships between these functional TLR4 polymorphisms and susceptibility to visceral leishmaniasis in an Iranian population could be established [26] . The homozygous GG genotype for the Asp299Gly SNP was not found among our study groups comprised of an Afro-descendant population of the South-pacific region of Colombia, although a frequency of 0.7 to 1.5% has been reported in a Colombian population in the North-Center region of the country [32] . The absence of the TT genotype for the Thr399Ile SNP in our study group is concordant with absence of this genotype in other Colombian populations.
Conclusions
Leishmaniasis is a complex disease and multiple host genes are involved in the outcome of infection. Polymorphisms in four genes were analyzed in an attempt to overcome the limitations of single gene polymorphism studies reported previously in CL. However, only 13 individuals showed more than one SNP limiting the power of a multimarker SNP analysis. Results presented here provide a reference base for design of prospective, power-defined genetic studies to explore the relationship between immunerelated genes (either individually or as multi-marker signatures), disease outcome and pathogenesis of infections caused by L. V. panamensis. 
